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I INTRODUCTION 

This  r e p o r t  covers  work done dur ing  t h e  f i r s t  q u a r t e r  of Phase I1 

of t h e  p r o j e c t .  Work was resumed on November 1, 1965 fo l lowing  a s h o r t  

l a p s e  a f t e r  completion of Phase I. The o b j e c t i v e  of Phase I was t o  in- 

v e s t i g a t e  methods for halogenat ion of g l a s s  and/or s i l i c a  s u r f a c e s ,  w i t h  

formation of s i l i con -ch lo r ine  or s i l i c o n - f l u o r i n e  bonds. 

The o b j e c t i v e  of Phase I1 is  t o  s tudy  methods of producing an  or- 

ganic  f i n i s h ,  on g l a s s  a n d  q u a r t z  f i b e r s ,  t h a t  w i l l  be bonded t o  t h e  

f i b e r s  by means of s i l i con-carbon bonds. This  work w i l l  make use of 

t h e  halogenat ion methods developed i n  Phase I. 
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I1 DISCUSSION AND EXPERIMENTAL 

Halogenation React ions 

Halogenation of P a r t i c u l a t e  Materials 

P a r t i c u l a t e  m a t e r i a l s  such as ground s i l i c a  or g l a s s  beads,  be- 

cause of t h e i r  h igh  surface-to-weight r a t i o ,  w i l l  be used t o  develop 

lower-temperature halogenat ion procedures , and f o r  e v a l u a t i o n  of t h e  

e f f e c t  of su r f ace  t rea tment  upon bonding t o  p l a s t i c s .  

An improved appara tus  was b u i l t  f o r  c a r r y i n g  out  halogenat ions 

of p a r t i c u l a t e  material under cond i t ions  of c o n t r o l l e d  and uniform 

t e m s r a t u r e .  

Ch lo r ina t ion  of f i n e l y  d iv ided  low-iron s i l i ca  gave errat ic  va lues  

of chlorine-atom popula t ion  as a f u n c t i o n  of temperature of r e a c t i o n .  

An i n v e s t i g a t i o n  revea led  t h a t  t he  s u r f a c e  a r e a  of t hese  p a r t i c l e s ,  as 

measured by n i t rogen  adsorp t ion  , increased  about t e n f o l d  when t h e  de- 

gas s ing  temperature  w a s  increased  from 15OoC t o  30OoC. The v a r i a b l e  

su r face  area adpears  t o  be due t o  s m a l l  c r acks  produced by crushing .  
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Gases adsorbed i n  these cracks  may not  be removed a t  temperatures 

s u f f i c i e n t  t o  desorb sur face"  l a y e r s .  If t h i s  i s  t h e  case, the t r u e ,  

o r  e x t e r i o r ,  sur f  ace of t hese  ma te r i a l s  cannot  be a c c u r a t e l y  determined. 

Therefore ,  t h i s  phase of t h e  work w i l l  be cont inued when a source of 

beads ( f  i re -pol i shed)  is loca ted .  

I 1  

H a  logena t ion  of Large-Diame te  r Cyl inders  

An appara tus  has been designed f o r  ha logenat ion  and subsequent 

a l k y l a t i o n  of g l a s s  o r  s i l i ca  cy l inde r s  of about 1.75-in.  diameter  and 

up t o  6 i n .  long. These c y l i n d e r s ,  a f t e r  s u r f a c e  t r ea tmen t ,  w i l l  be 

c u t  i n t o  1.5- in .  l eng ths  and used t o  e v a l u a t e  adhesion by the  peel- 

tes t  method, This  appara tus  should be r eady  f o r  use  e a r l y  i n  March. 

Evalua t ion  Procedures 

Three methods have been chosen f o r  pre l iminary  e v a l u a t i o n  of the 

e f f e c t  of s u r f a c e  t rea tment  of g l a s s  (and  s i l i c a )  upon adhesion t o  

polymers. They are:  sonic  tes ts ,  d i l a t o m e t r i c  tests, and peel tests. 

Sonic  T e s t s .  The son ic  t e s t  ( a b s o r p t i o n  of sound) a l lows a com- 

par i son  of the degree of bonding which occurs  i n  a series of samples .  

T h i s  method w i l l  be app l i ed  t o  s m a l l  g l a s s  beads embedded i n  poly 

( e t h y l  methacry la te )  and o t h e r  t y s s  of e las tomers .  The measurement 

and i n t e r p r e t a t i o n  w i l l  be c a r r i e d  ou t  by M r .  John Martner ,  of t h e  

I n s t i t u t e ' s  Sonics  Department. 

Di la tomet r ic  T e s t .  The d i l a tome t r i c  t e s t  i s  based upon the change 

i n  volume t h a t  may occur when a stress i s  a p p l i e d  t o  a compliant com- 

p o s i t e  material. If t h e  composite material  i s  s u f f i c i e n t l y  s t r a i n e d  

( e . g .  i n  t e n s i o n ) ,  stress concent ra t ions  w i l l  r e s u l t  i n  i n t e r n a l  rup tu re  

e i the r  w i t h i n  t h e  bulk of the e las tomer ,  due to cohes ive  f a i l u r e ,  o r  a t  

the i n t e r f a c e ,  due t o  adhesive f a i l u r e .  Such rup tu re  r e s u l t s  i n  a n  in-  

crease i n  t o t a l  volume of the sample. Measurement of t he  s t r a i n  r equ i r ed  

and the degree of f a i l u r e  { r e l a t e d  t o  the  volume i n c r e a s e ,  a s  measured i n  
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a d i la tometer )  may providee use fu l  d a t a  on adhes ion  between r e in fo rce -  
ment and polymer i n  composite materials. 

Both son ic  and d i l a tome t r i c  methods w i l l  be a p p l i e d  t o  the 

e v a l u a t i o n  of bonding between p a r t i c u l a t e  g l a s s  o r  s i l i c a  f i l l e r s  i n  

polymer matrices, As discussed  under Halogenation Procedures,  a nonporous, 

c rack- f ree  material such as beads ( w i t h  a f i r e - p o l i s h e d  su r face )  i s  re- 

qu i r ed .  The e f f e c t  of s u r f a c e  mod i f i ca t ion  upon adhesion w i l l  be s t u d i e d  

wi th  poly ( e t h y l  methacry la te )  as an i n i t i a l  e las tomer .  

t h e s e  methods w i t h  t h i s  sys t em w i l l  guide work w i t h  o t h e r  polymers. 

The success  of 

Peel  T e s t .  A modif ied peel-test appara tus  w a s  designed t o  com- 

pare t h e  e f f e c t s  of su r f ace  t reatment  on t h e  adhesion t o  c y l i n d r i c a l  

g l a s s  s u r f a c e s .  Glass cy l inde r s  of about 1.75 i n .  OD x 1.5 i n .  long 

may be accommodated. A Baldwin-Universal T e s t e r  w i l l  be used t o  measure 

t h e  f o r c e  r equ i r ed  t o  peel commercial and experimental  t apes  bonded w i t h  

adhesives  r ep resen t ing  d e s i r a b l e  chemical t y p e s  ( e .g ,  , phenol ic ,  epoxy, 

e t c . )  of polymers. 

The c o n s t r u c t i o n  of t h e  peel-test appara tus  should be completed 

s o m e t i m e  i n  March. 

I11 FUTURE WORK 

Work plans f o r  t h e  second q u a r t e r  c a l l  f o r :  completion of 

appara tus  f o r  t rea tment  and pee l - t e s t ing  of c y l i n d r i c a l  g l a s s  and 

s i l i c a  s u r f a c e s ;  and i n i t i a t i o n  of sonic- ,  d i l a t o m e t r i c - ,  and peel- 

test programs on sur face-  t r e a t e d  g l a s s  and s i l i ca .  

Respec t fu l ly  submi t ted ,  

Y 

David L. Chamberlain,  Jr. 
Sen io r  Organic Chemist 

DLC : aeb 
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